Melatonin is a hormone produced in terrestrial ver tebrates and humans in the pineal organ, an endocrine gland. It was established that one of the main functions of melatonin is the synchronization of all the organs of the body and the regulation of seasonal and circadian rhythms of their physiological activity. Melatonin is able to influence the growth, development, and phys iological activity of various cell types, affecting the mechanisms of signaling pathways and cascades simi larly to growth factors. The synchronization function and the rhythm driving are performed in accordance with the circadian rhythm of melatonin expression, which depends on the length of day and night. The level of melatonin expression is maximum at night (from 11:00 p.m. to 5:00 a.m.) and minimum in the morning. The difference between the minimum and maximum melatonin concentrations reaches one order of magnitude. The biological precursor to mela tonin, serotonin, accumulates in the epiphysis throughout the light day and is not secreted into the blood. At night, the pineal gland cells, pinealocytes, convert serotonin into melatonin with the aid of spe cific enzymes.
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Melatonin receptors have been found on the mem branes of almost all types of cells. At present, melato nin is more and more often called the most powerful natural antioxidant and immune regulator of cell activity, as well as the most important component in the physiology of reproduction and embryology of humans and animals. It was confirmed that the pro cesses of conception, pregnancy, and childbirth directly depend on the rhythm and secretion profile of the epiphyseal hormone melatonin in the body. In this review, we attempt to combine the available published data on the involvement of melatonin in various phys iological processes during the preimplantation and postimplantation periods of life, its positive and nega tive effects at the stages of puberty, gametogenesis, fer tilization, and implantation (the first part of the review) and the effect of melatonin at different stages of pregnancy and childbirth (the second part of the review).
Puberty
Sexual maturation (puberty) is an intricate conju gated process of complex changes occurring in the human body, as a result of which it becomes capable of procreation. Puberty is triggered by the hormonal sig nals transduced from the thalamencephalon parts of the sexual glands (testicles in boys and ovaries in girls), forming hypothalamic pituitary gonadal axis (HPG axis). The HPG axis is active during fetal life until the time of birth. However, in the period from birth to an age of 10-12 years it remains inactive. Its activation corresponds to the beginning of puberty in humans. Reactivation of the HPG axis manifests itself as resto ration of an active synthesis of the gonadotropic releasing hormone (GnRH) by the hypothalamus and increased secretion of luteinizing hormone (LH) and follicle stimulating hormone (FSH) by the anterior pituitary. Melatonin influences the processes of reacti vation of the HPG axis and its subsequent activity. It was demonstrated that, in the prepubertal period (before sexual maturation), the concentration of melatonin in human serum is too great and the hypo thalamic activity cannot be triggered [1] . However, at an age of 9-10 years, the concentration of melatonin secreted during the night peak decreases to 500 fmol/mL and the amount of melatonin receptors in the pituitary cells decreases. As a result, the signal that initiates puberty is triggered [2] .
The age related decrease in the melatonin concen tration is independent of the weight gain but is directly related to the overall development of the body [3] . It is now clear that a high concentration of melatonin in children leads to insufficient gonadotropin secretion, hypothyroidism, and underdevelopment of the ovaries [4] . A high melatonin concentration at night was detected in children with a delayed puberty compared to the norm [5] . Conversely, low levels of melatonin were detected in the children with early puberty [4] .
Melatonin regulates the secretion of gonadotropin and prolactin in accordance with the diurnal photope riod [6, 7] . Gene expression and pulsed secretion of GnRH, which controls the secretion of LH and FSH, are regulated by melatonin and are characterized by a 24 h cyclicity [8] . Women with a high concentration of melatonin in the blood had an attenuated function of the hypothalamus (hypothalamic amenorrhea) with a reduced level of pulsed secretion of GnRH [14] and LH [9] , which, in turn, affects the state of follicles [10, 11] . Due to the wide distribution of specific receptors and binding sites for melatonin on the cell and nuclear membranes, many cells and tissues can coordinate their work in accordance with the changes in the con centration of this hormone. Recent studies showed that melatonin, which is present in the female repro ductive tract organs, is also involved in the inhibition of oxidative stress in ovarian follicles and protects oocytes from the damaging effects of free radicals [12, 13] . However, an elevated concentration of melatonin can stop the development. The level of melatonin con centration in the blood is also characterized by sea sonal fluctuations, and is maximum in late autumn and winter and minimum in the summer months, which determines the seasonal fluctuations in female fertility [14] .
Gametogenesis
Gametogenesis, or preembryonic development, is the process of maturation of germ cells, or gametes. The process of maturation and formation of motile sperms in the testes is called spermatogenesis. Oogenesis is the process of growth and maturation of eggs in the ovaries.
Gametogenesis also proceeds under the control of hormones of the HPG axis and specialized follicular cells of the gonads. In the absence of hormonal stimu lation, no development and maturation of gametes takes place. The main hormones involved in gameto genesis are FSH, LH, testosterone, progesterone, and estrogen.
Gametogenesis is conjugated with intensive pro cesses of cell death (apoptosis) and cell proliferation, which, in turn, is a source of formation of large amounts of reactive oxygen species (ROS). Since the environment where cells develop is isolated (sperms in the testes develop in Sertoli cell compartments and eggs in ovaries develop in follicles), it requires antiox idants (simple substances and enzymes). Under these conditions, melatonin is the most optimal antioxidant, since its oxidized metabolites are unable to oxidize other substances [14] .
It was found that, at physiological concentrations (20-200 fM/mL), melatonin has a positive effect on the maturation and development of gametes and their activity, as well as on the viability and preservation of genetic material [12] . Preservation of genetic material of both types of gametes and sperm motility are improved due to mild antioxidant and proliferative functions of the epiphyseal hormone. Melatonin is involved in the control of seasonal changes in the growth, development, and maturation of follicles by translating information about changes in diurnal pho toperiodism [15] . Melatonin regulates the susceptibil ity of follicular cells to gonadotropins by activating or inhibiting the MAPK cascade. In this case, the epi physeal hormone implements its biorythmological and proliferative functions.
By suppressing the increase in oxidative stress, melatonin improves the quality of oocytes and increases the level of fertilization and implantation of the embryo. The study of the composition of the folli cular fluid showed that a high level of oocyte degrada tion is completely correlated with an increased con tent of 8 oxoG (8 hydroxy 2 dioxoguanosine) in this fluid.
Due to its immunomodulatory and proliferative functions, melatonin supports the ability of the endometrium for implantation [16] . By acting through cAMP signaling, the epiphyseal hormone is indirectly involved in the complex regulation of rhythmicity and amplitude of myometrium contraction and lympho cyte proliferation. Melatonin also regulates the sea sonal and diurnal variations in the sexual activity and fertility of women.
In the male reproductive system, melatonin func tions as a coordinator of the diurnal and seasonal activity of spermatogenesis. Melatonin receptors MT 1 and MT 2 were found on the membrane of follicular granulose cells, Leydig cells (the source of testoster one), Sertoli cells, and epididymus cells [17] . By affecting the peroxidase activity of sperms, melatonin is able to extend the time of sperm motility in vitro, reducing their activity [18] . A long term administra tion of melatonin, increasing the testosterone/E 2 local balance, conversely, leads to formation of less viable sperms with an increased level of abnormalities [19] . Melatonin determines the peaks of expression and secretion of sex hormones. Using knockout mice for melatonin receptor genes as an example, it was shown that melatonin affects the daily expression of testoster one, estradiol 17β, and prolactin. It was also shown that melatonin suppresses malignant transformation of prostate cells [20] .
Taking into account the results of numerous studies on embryogenesis, we can conclude that the positive effects of melatonin on gametogenesis are determined by its ability to suppress the destructive effects of ROS on the genetic material of gametes. It should be noted that melatonin directly neutralizes the active oxygen and nitrogen radicals accumulating in the cell. Mela tonin plays its regulatory role by binding to the recep tors that modulate the level of expression of various genes involved in gametogenesis.
Preimplantation Period
Fertilization includes the fusion of male and female gametes, the association of genetic material, and the formation of a zygote. Fertilization normally occurs in the distal end of the tube within a few hours after ovu lation.
It is important to note that ovulation occurs at night, when the concentration of melatonin in the blood plasma is maximum. At the stage of migration, gametes are most susceptible to possible adverse effects of toxicants, such as nicotine, alcohol, drugs, and household cleaning items. The maximum level of melatonin is apparently required for the preservation of the genetic material in the night hours [18] . The fusion of gametes occurs at 3:00-6:00 p.m., when the concentration of estrogen is maximum and the con centration of melatonin is minimum.
It was shown that melatonin at a dose of 100 pmol/mL reduces the level of ROS, which is man ifested as a prolonged cultivation of parthenogenetic pig blastocysts and mammalian and human sperm in a conventional medium and a medium containing hydrogen peroxide at lethal concentrations. Analysis by polymerase chain reaction (PCR) showed that the expression level of Bcl xl and Oct 4 genes was signifi cantly higher and that of the Bax gene was significantly lower in the cells cultured in a medium supplemented with both the sources of ROS and melatonin than in the control group.
The protective function of melatonin was con firmed by the following experiments. It was estab lished that the cultivation of mouse embryos to matu ration in a medium containing hydrogen peroxide (300 μL/mL), which induces oxidative stress and leads to accumulation of 8 oxoG, blocked the embryo development. However, when melatonin was added to the same medium, the embryo development was not blocked [21] .
Implantation is the process of penetration of the embryo into the lining of the uterus. Implantation begins approximately 6-8 days after fertilization, when the trophoblast contacts with the endometrium and proteolytic enzymes are released. Data on the effect of melatonin on the implantation process are scarce.
There is evidence that melatonin is able to partici pate in the preparation of the endometrium by estab lishing the necessary hormonal status and to deter mine the seasonal increase and decrease in the recep tive capacity of the endometrium, which is especially pronounced in seasonally breeding animals.
In women, melatonin coordinates and regulates the rhythm of the hormonal status both during the day and during the entire menstrual cycle [22] . Melatonin can directly affect the female reproductive tract cells (endometrial cells) and regulate the secretion of sex steroids in mammals [23] , including humans [15, 24] . Melatonin controls the state of the endometrium throughout the cycle, from the beginning of menstru ation in the follicular phase to the end of the luteal phase [22] .
The phenomenon known as menstruation is mainly an endometrial event triggered by a decrease in the concentration of progesterone. The nature of this phenomenon and the biochemical basis of the changes occurring in the endometrium during the menstrual period are understood only partially. However, one cannot deny the fact that, at the second stage of the follicular phase, an outburst of proliferative activity of endometrial cells and their preparation for the process of the embryo reception, triggering its subsequent implantation, takes place. This process involves growth factors, such as epidermal growth factor (EGF) and vascular growth factor (VGF), and other cytokines and prostaglandins whose synthesis is also affected by melatonin.
The concentration of melatonin during the men strual cycle is not the same [25] . It undergoes signifi cant changes. In women who reached sexual maturity, up to premenopause, morning concentrations of melatonin are considerably lower in the luteal phase compared to the follicular phase [26] . Melatonin cor rects the secretion of hormones GnRH, FSH, LH, estrogen, progesterone, etc. and modulates the trans duction of the signal from these hormones in target organs (hypothalamic nuclei, endometrial cells, corti cal layer cells of the adrenal gland, and granuloma cell), thereby coordinating and controlling the rhythm of cellular activity.
In patients with severe premenstrual dystrophic syndrome (PDS), a shift in the diurnal cyclicity of melatonin expression was observed. The secretion of melatonin at night was lower and occurred earlier than in the women with a physiologically normal cycle. In the PDS patients, the amplitude of changes in the epi physeal hormone concentration during the day was also lower than in the women of the control group [26] . This syndrome was accompanied by complications of a general nature, such as sleep disturbances, mood changes, impaired appetite, and decreased perfor mance. Melatonin deficit, which is caused by work at night, leads to a decrease in the menstrual cycle length to 25 days or less. Conversely, a complete absence of the pineal melatonin leads to a lengthening of the cycle.
It was shown that melatonin is required for a suc cessful implantation of the embryo [27] . Experiments with the pineal ectomized rats showed that the mech anism of this effect may be dual-direct (through the action of melatonin on the receptors) and indirect (through steroid hormones of ovaries and corpus luteum). By suppressing the secretory function of the cells producing steroid hormones, melatonin indi rectly increases the concentration of the follicle stim ulating hormone (FSH) and prolactin. Moreover, by binding to its receptors, melatonin regulates the diur nal activity of the hypothalamic pituitary axis, which, in turn, synchronizes the development of the follicle and the endometrium. Deviations in the time of ovu lation may result from the deficiency or total absence of melatonin in the blood, as was shown for the pineal ectomized rats. This assumption was confirmed by the fact that the rhythm was normalized after the admin istration of exogenous melatonin. There is no doubt that, in these processes, melatonin modulates the pro liferation and differentiation of granulosa cells and uterine endometrial cells and changes the concentra tion of estradiol (E 2 ), FSH, and GnRH in the blood.
It was shown that melatonin is involved in estab lishing a proper balance of T helpers of the first and second type, which is essential for a correct passage of the first implantation stage, which is similar to the inflammatory response [16] . To prevent the embryo rejection as a result of the onset of the inflammatory stage of the second type, the predominance of the T helpers of the first type over the T helpers of the sec ond type is required, which is normally observed in the body. Disturbances occur in the case of excessive release of prostaglandins (which is typically observed in the first days of the cycle) or if a chronic inflamma tory reaction develops. Melatonin regulates the bal ance of prostaglandins (preventing spontaneous con traction of the uterine myometrium) and the function of thymocytes and lymphocytes.
Simultaneously, melatonin is involved in the main tenance of endometrial receptivity and viability of the embryo due to its strong antioxidant properties, pre venting the adverse effect of active radicals on their cells and tissues by inhibiting nitric oxide and superox ide synthases [10, 11] . In addition, melatonin, in com bination with other antioxidants, inhibits the develop ment of necrotic processes at the stage of destruction of the vascular endothelium of the uterus.
The immunomodulatory and antiapoptotic role of melatonin consists primarily in the regulation of T helper lymphocytes (Th), NK cells, and monocytes. Melatonin can directly affect the human immune sys tem due to the presence of specific melatonin binding sites on lymphocytes [28] , monocytes [29] , and gran ulocytes [30] . The Th1/Th2 balance of cytokines with the domination of Th2 is an important mechanism underlying the implantation and subsequent survival of the fetus in the mother's uterus [31] . Physiologi cally, the rhythm of melatonin correlates with the rhythm of the Th1/Th2 balance [32] , and melatonin stimulates the Th2 immune activity [33] .
Data on the seasonal differences in the level of implantation are very discrepant. Based on similar results, some authors assume that significant seasonal changes in the level of implantation and endometrial receptivity are apparently absent [22] , whereas others, on the contrary, revealed a distinct correlation and postulate the existence of a favorable season, which falls between December to February [34] . However, an increase in the melatonin concentration in human serum, regardless of the data processing method, was observed in almost all studies. Its peak was detected in December, which corresponds to the maximum dura tion of the night and the maximum daily concentra tions of the epiphyseal hormone. Therefore, melato nin is apparently required to ensure a high level of implantation.
In the first part of this review, we considered the effect of melatonin on gametogenesis, fertilization, and implantation. In the second part, we will consider the effect of this epiphyseal hormone on the mecha nisms of pregnancy and childbirth.
CONCLUSIONS
In this article, we briefly described the role of mela tonin in the function of the human reproductive sys tem in normal and pathological state. The system that adapts the human body to diurnal light changes con sists of the visual system, the hypothalamic nuclei, and the pineal gland. This signal is transduced to organs and tissues by the epiphyseal endocrine hormone melatonin, whose receptors are found in almost all organs and tissues. Thus, information about the dynamics of changes in the diurnal and seasonal pho toperiodicity enters the hypothalamic pituitary gonadal axis cells and ensures adaptive changes in the functional activity.
Melatonin has a multifunctional spectrum of action. By interacting with receptors on the cell and nuclear membranes, melatonin regulates the cell function as such and, after penetration into it, is able to independently interact with the target, performing an antioxidant function or participating in signal transduction. Melatonin is involved in the regulation and coordination of physiological processes at all lev els of organization-cellular, organ, and systemic-modulating, in particular, the function of the repro ductive system organs at all stages of ontogeny.
In addition, melatonin is able to regulate the repro ductive processes in humans, such as puberty, gameto genesis, fertilization, and pregnancy. A decrease in the concentration of this hormone at night and/or the dis turbance of the melatonin secretion profile during the day affects the reproductive capacity of humanspuberty and implantation of the embryo.
The effects of the epiphyseal hormone melatonin on the mechanisms of pregnancy and childbirth will be considered in the second part of the review.
